INTRODUCTION
Vapor-liquid equilibrium (VLE) properties at high pressures are required in the practical use, such as in the design and operation of distillation and supercritical fluid extraction. Kato et al. [1] previously proposed an apparatus for determination of binary VLE at high pressures, introducing the density meters effectively. The VLE compositions can be evaluated by combining a couple of data at the same temperature and pressure, without any analysis of phase compositions, based on mass balance and the phase rule. Applying the experimental apparatus presented in the previous work [1] , an experimental method for determination of gas solubilities in nonvolatile liquid mixtures was proposed by Kato et al. [2] . The solubility of gas in liquid can be evaluated, based on mass balance. The solubilities of carbon dioxide in heavy hydrocarbons and their mixtures have been determined without any analysis of phase compositions [2] [3] [4] .
Ohgaki and Katayama [5] and Yoon et al. [6] previously measured the VLE relations of carbon dioxide +methanol system at 313.15K with a vapor-recirculation apparatus. The compositions of vapor and liquid phases were analyzed using a gas chromatography. The equilibrium data reported by Ohgaki and Katayama [5] and Yoon et al. [6] , however, have no density data.
In the present study, the VLE compositions and their saturated densities were measured for the carbon dioxide+ methanol system at 313.15K, including unsaturated density behaviors. The saturated points near the critical region were measured by the conventional dew-bubble point pressure method; a simple technique was further introduced to determine the saturated vapor points. The present experimental data obtained were correlated with the Soave-Redlich-Kwong equations of state [7] and pseudocubic perturbed hard-sphere equation of state [8, 9] . The experimental data include the VLE relations and further density behaviors.
EXPERIMENTAL
The experimental apparatus equipped with two density meters is completely the same with that in the previous study [1] . The present experimental procedures are almost similar to the previous study [1] .
The experimental principle is based on mass balance and the phase rule, previously proposed by Kato et al. [1] . The equilibrium vapor and liquid compositions were evaluated from a couple of data at the same temperature and pressure, changing the feed compositions. At the critical point, the equations to evaluate equilibrium compositions become zero divided by zero. The experimental method [1] is therefore troublesome in the vicinity of critical region.
The conventional dew-bubble point pressure method was therefore applied to determine the saturated liquid points near the critical region. Unsaturated fluid of known composition was prepared with the experimental procedures almost similar to those in the VLE measurements. Compressing the fluid by the piston in thevariable volume cell, the cell volume and pressure are measured. The saturated point was evaluated from the broken point on the cell volume vs, pressure curve.
A technique was presented to determine the saturated * Author to whom correspondence should be addressed .
vapor points in the present study.
In the binary system made of supercritical carbon dioxide and alcohol, the equilibrium vapor compositions near the critical region are close to unity in mole fraction of carbon dioxide. The saturated vapor composition can be evaluated from the homogeneous density of known composition, saturated density of mixture, and density of carbon dioxide at the same temperature and pressure. Figs. 1 and 2 show the experimental principle. Assuming the linear relation on the molar volume vs. mole fraction curve as shown in Fig. 2 , the saturated vapor composition can be evaluated as follows.
(1) Table 2 and Fig. 5 .
Comparing the present VLE data obtained with the previous data of Ohgaki and Katayama [5] , the average differences in liquid and vapor compositions are 0.017 and 0.007 mole fractions, respectively; 0.014 and 0.006 mole fractions, respectively, comparing with Yoon et al. [6] .
Comparisons on density behaviors are unfortunately impossible, as the data of Ohgaki and Katayama [5] and Yoon et al. [6] have no volumetric values. Volumetric data for the present system are not available in literature. [7] and the pseudocubic perturbed hard -sphere (PPHS) equation of state previously proposed by Kato et al. [8] . The mixing rules on PPHS equation used in the present study are similar to Ozawa and Kato [9] .
The PPHS and SRK equations were applied to the correlation of the experimental VLE relations. The binary interaction parameters were determined to minimize the sum of deviations on liquid compositions. Correlation results are given in Table 3 . In the present calculations, the critical values and dipole moments of pure components were obtained from Reid et al. [10] . In Fig. 5 , calculation results of saturated and unsaturated densities by the equations of state are included. The solid and broken lines show the calculation results by the PPHS equation and the SRK equation, respectively. As shown in Table 3 
